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The thesis is focused on the important topics involving with the catalytic systems of 
aromatic hydrogenation and hydrocracking. 
(I) Aromatics hydrogenation over nickel-based catalysts, the interesting alternatives 
to noble metal-based catalysts from an economic point of view, plays an important 
role in reducing aromatics in distillate fuels due to the more stringent environmental 
regulations. However, the nickel-based catalysts are very susceptible to poisoning by 
sulfur contained in the reaction ambient. Thus, the acidic component of boron or 
HPW was introduced to the nickel-based catalyst so as to improve its sulfur resistance. 
Then, the macro-kinetic of aromatic hydrogenation was performed in the presence of 
thiophene, and corresponding macro-kinetic and deactivation models were proposed. 
The main results obtained are summarized as follows: 
(1) The content of acidic component exhibits a significant effect on the structure 
and size distribution of the catalysts, and further influences the degree of interactions 
between different compositions, therefore deciding the character and performance of 
the catalysts. 
As the loading of boron increases, the specific area of Ni-B/SiO2 catalysts 
gradually decreases, and the nickel oxide particles are well-dispersed on the silica 
support. At the meantime, the interaction of NiO with the support and the acidity of 
catalysts are also enhanced. The characterization results indicate that the high 
catalytic performance of Ni-B/SiO2 catalysts with appropriate boron loadings can be 
ascribed to the suitable acidity and reduction degree, higher dispersion and the 
appropriate ratio of Ni0/Ni2+ on the surface.  
The introduction of HPW into nickel-based catalysts is beneficial for the 
formation of bimodal pore and relatively large specific area and pore volume. The 
interaction of Ni with HPW increases with the increase of HPW loading. The 
interaction therefore leads to remarkable H2 spillover and the increase in acidic sites 
of the Ni-HPW/SiO2 catalysts, and most of the acid sites are related to Lewis acid. 
The metal Ni species on the surface of the catalysts is prone to induce 
electron-deficiency. It is confirmed that HPW in the catalyst plays an essential role in 
the improvement of sulfur resistance for Ni-based catalysts. 















hydrogenation in the presence of thiophene. A reasonably good agreement between 
the experimental data and the calculated results is achieved, which demonstrates that 
the model is endowed with predictive capability for different reaction conditions. The 
macro-kinetic model shows that the increase of temperature, partial pressure of 
thiophene and gas space time leads to the decrease of conversion, while the increase 
of partial pressure of hydrogen is beneficial for the conversion improvement. Taking 
the non-uniform distribution of catalyst active sites into account, the concept of 
“average time” accompanied with average reaction rate is proposed. Subsequently, the 
parameter  is introduced to describe the degree of non-uniform distribution of 
catalyst active sites, and the activity factor of catalyst is defined. Therefore, the 
deactivation model can provide a comparison of deactivation rate constant for 
different catalysts, and describe the activity factor of catalyst varies with the reaction 
time on stream. 
n
(II) The hydrocracking which ensures the elimination of sulfur-containing compounds 
as well as a deep saturation of aromatics will be more and more important in the near 
future. The aim of the present work is to develop new hydrocracking catalysts 
composed of HPW as acid sites and Ni-W(Mo) as the metal sites. 
The hydrocracking catalysts comprised of Ni-W(Mo) and HSiW possess higher 
activity and stability than that without W or Mo. The XRD and NH3-TPD results 
confirm that the structure of HSiW of the former catalysts still remains stable even in 
the presence of 5000 ppm sulfur, and the H2-TPD results indicates that the nickel 
active sites of Ni-HSiW catalysts is prone to be poisoned by the sulfur. However, the 
catalysts with Ni-W(Mo) and HSiW still retain higher hydrogenation activity. The 
HSiW with Keggin-structure has unique physicochemical properties, with excellent 
H2-spillover functionality being an important role for its sulfur resistance. 
A new kinetic model, correlating the pre-exponential factor with the reactant 
property parameters, is proposed for the distribution of product from hydrocracking, 
based on the relation between conversion and reaction conditions. The predictions of 
the model show a satisfactory agreement with experimental data, and the model 
possesses predictive capability for the distribution of products of hydrocracking under 
different reaction conditions.  
(III) Recently, ebullated bed reactors (EBRs) are attracting to be used in H-Oil and 















and high-pressure, since the EBR technology possesses many advantages such as very 
flexible in operation for such an application. However, it has received scant attention 
of studying the hydrodynamics at high-pressure and high-viscosity, because of its 
complexity of flow pattern in EBRs. Although EBR technology has been applied to 
hydrocracking heavy petroleum fractions in recent years, the information about the 
hydrodynamics, essential for the design and scale-up of such reactors, is secretly held 
by licensors even they are available. Moreover, the prediction and evaluation of 
characteristics of fluidized beds, especially in high-pressure and high-viscosity 
multi-phase fluidized beds, depends mostly on empirical models in the reported 
literatures, an attempt is consequently made in this work to develop two novel 
semi-empirical models for the characteristics of bed expansion in high-pressure and 
high-viscosity multi-phase fluidized beds based on the law of energy conservation and 
entropy increase. The models take the evolution of system kinetic energy, potential 
energy, and internal energy into account, and then correlate the change of entropy 
with the change of temperature and internal energy. The concepts of “minimum 
penetration flow velocity” and “minimum particle suspension velocity” are proposed, 
and the suitable boundary conditions are established. Consequently, the correlation of 
bed height and flow velocity is achieved based on the method in solving the question 
of conditional extremum. The model involved with high-viscosity fluidization can 
describe the behavior of that the bed height of (pseudo)-two-phase system increases or 
decreases with the increase of superficial gas velocity. Also, the model demonstrates 
excellent fitting precision, and the model parameters obtained own the physical 
meaning. The other model involved with high-pressure fluidization reflects that the 
bed height of three-phase system increases with the pressure increases, but the 
increasing rate for the height of bed is on the contrary. Experimental data from 
previous study are utilized to validate the second model, and a reasonably good 
agreement between the experimental data and the calculated height of ebullated bed is 
achieved, which demonstrates that the second model is endowed with predictive 
capability within the experimental ranges reported. 
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